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Tubulointerstitial fibrosis is characterized by the presence
of myofibroblasts that contribute to extracellular matrix
accumulation. These cells may originate from resident
fibroblasts, bone-marrow-derived cells, or renal epithelial
cells converting to a mesenchymal phenotype. Ras GTPases
are activated during renal fibrosis and play crucial roles in
regulating both cell proliferation and TGF-b-induced
epithelial–mesenchymal transition. Here we set out to assess
the contribution of Ras to experimental renal fibrosis using
the well-established model of unilateral ureteral obstruction.
Fifteen days after obstruction, both fibroblast proliferation
and inducers of epithelial–mesenchymal transition were
lower in obstructed kidneys of H-ras knockout mice and in
fibroblast cell lines derived from these mice. Interestingly,
fibronectin, collagen I accumulation, overall interstitial
fibrosis, and the myofibroblast population were also lower in
the knockout than in the wild-type mice. As expected, we
found lower levels of activated Akt in the kidneys and
cultured fibroblasts of the knockout. Whether Ras inhibition
will turn out to prevent progression of renal fibrosis will
require more direct studies.
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Interstitial renal fibrosis, the common end point of
progressive kidney disease, is a complex process involving
not only derangements in both the synthesis and degradation
of extracellular matrix (ECM), but also cell infiltration,
apoptosis, accumulation of activated myofibroblasts, and
increased deposition of ECM.1,2 Unilateral ureteral obstruc-
tion (UUO) in mice is a well-established experimental model
resulting in tubulointerstitial fibrosis in the obstructed
(O) kidney.2,3
Among the cells that accumulate in the renal interstitium,
myofibroblasts have a major role in mediating tubulointer-
stitial fibrosis as they are the source of several components of
ECM and many cytokines that contribute to renal damage.1
Active myofibroblasts seem to derive from resident fibro-
blasts, from bone-marrow-derived cells, and from renal
epithelial cells by a process called epithelial–mesenchymal
transition (EMT).4,5
Transforming growth factor-b1 (TGF-b1) has a major role
in the origin and maintenance of fibrosis6,7 as a consequence
of the regulatory role of TGF-b1 in cell proliferation1,8 and in
renal ECM synthesis and degradation.9 The latter is mainly
related to its ability to activate EMT inducers.10,11 The EMT
is fundamental during embryonic development for the
formation of many different tissues and organs including
the neural crest, the mesoderm, and the cardiac valves among
others,12 and a reactivation of these developmental programs
can lead to tumor progression or organ fibrosis.13 There is a
close relationship between TGF-b, Ras signaling pathways,
and EMT. The family of Ras GTPases function as transducers
of extracellular signals regulating cell survival, growth, and
differentiation, and it is particularly well known for their
prooncogenic effect.14,15 Interestingly, Ras is also crucial for
the TGF-b1-induced EMT as observed in renal, hepatic, and
pancreatic cell lines.16–18 There are three major isoforms of
Ras: H-Ras, K-Ras, and N-Ras and although they share a high
degree of sequence homology, they can have different
biological effects.19 Ras GTP transmits its signal through
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interactions with a large number of target proteins, being
phosphatidylinositol-3-kinase/Akt and Raf/MEK-extracellu-
lar signal-regulated kinase (ERK1 and ERK2), the most
studied pathways.20
We have previously shown that Ras and its effector
pathways are activated after UUO.21–23 However, the
contribution of Ras to kidney damage in vivo has not been
analyzed. Thus, in this study we aimed to examine the role of
Ras in tubular and interstitial proliferation, myofibroblast
abundance, EMT, and deposition of ECM, key processes in
UUO-induced interstitial fibrosis. For this purpose, we have
used H-ras/ mice because they are viable,24 we have
developed a line of embryonic fibroblasts derived from these
mice25 and because H-Ras is the family member shown to be
the most important for the transduction of TGF-b1 signaling
in renal epithelial cells.17
RESULTS
H-ras deficiency reduces fibrogenesis after UUO
After 15 days of ureteral obstruction, the O kidney in wild-
type (WT) mice showed the typical features of obstructive
nephropathy: tubular dilatation, flattened epithelium, and
widespread renal tubulointerstitial damage and fibrosis,
evidenced by the increase in fibronectin and in collagen
deposition as assessed by Sirius red staining (Figure 1a). The
O kidneys also showed an increase in the myofibroblast
population, as shown by the increase in a-smooth-muscle
actin (a-SMA) and vimentin immunostaining (Figure 2a).
In comparison with WT H-rasþ /þ mice, the O kidneys
from H-ras/ mice exhibited reduced renal cortical scarring
as assessed by hematoxylin–eosin, Sirius red, and fibronectin
immunostaining (Figure 1a). Kidneys from H-ras/ mice
also expressed significantly less renal cortical a-SMA and
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Figure 1 | Effects of deficiency of H-Ras in interstitial fibrosis after unilateral ureteral obstruction. (a) Hematoxylin–eosin (HE-EO)
staining, immunohistochemistry for fibronectin, Sirius red staining in nonobstructed (NO) and obstructed (O) kidneys from H-rasþ /þ and
H-ras/ mice. Bar¼ 100 mm. (b) Western blot analysis of a-smooth-muscle actin (a-SMA) and vimentin protein expression from NO and
O kidneys from H-rasþ /þ and H-ras/ mice. Data represent the average±s.e.m. of the optical density. #Po0.01 vs corresponding NO
kidneys. *Po0.01 vs O kidneys from H-rasþ /þ mice. & H-rasþ /þ mice, ’ H-ras/ mice.
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vimentin than H-rasþ /þ mice (Figure 2a). Western blot
analysis of renal tissue confirmed the higher content of
collagen I, fibronectin, a-SMA, and vimentin expression in
the O vs the nonobstructed (NO) control kidneys in WTmice
(Figures 1b and 2b) and importantly, the lower level of
expression of the fibrotic markers in the O kidneys from the
H-ras/ mice when compared to the WT mice (Figures 1b
and 2b). Our data indicate that a deficiency in H-ras reduces
the fibrogenic response to UUO.
Effect of H-Ras deficiency on Ras, ERK1/2, and Akt activation
after UUO
We next decided to assess the activity of H-Ras and its
effectors in WT and H-ras/ mice after UUO. As shown in
Figure 3a, activated H-Ras levels were higher in O kidneys
compared NO kidneys in WTmice. As expected, Ras GTPase
Chemi enzyme-linked immunosorbent assay (ELISA)
that specifically detects activated H-Ras in rodent samples
was unable to detect activated Ras levels in H-ras/ mice
(Figure 3a).
As we had previously shown that Ras activation after UUO
was associated with ERK1/2 and Akt activation,23 we assessed
the activity of these two pathways after UUO in H-ras/ and
H-rasþ /þ mice. Western blot analysis revealed that the
content of the active, phosphorylated form of ERK1/2,
pERK1/2 was higher in O than in NO kidneys of H-rasþ /þ
mice. However, there were no significant differences in the
levels of active ERKs between WT and H-ras/ mice after
UUO (Figure 3b). These data were confirmed by immuno-
histochemistry as shown in Figure 3c. Indeed, UUO induced
an increase in pERK but no differences were found in the
kidneys from H-ras/ and H-rasþ /þ mice (Figure 3c).
As to Akt activation, western blot studies revealed that as
expected, both total Akt and pAkt levels were higher in O
kidneys than in NO kidneys of H-rasþ /þ mice and no
differences were observed in total Akt content between
H-rasþ /þ and H-ras/ neither in the O nor in the NO
kidney (Figure 3b). However, pAkt levels were significantly
lower in O kidneys from H-ras/ than in those from H-
rasþ /þ mice (Figure 3b). Immunohistochemistry also
revealed that the expression of the active phosphorylated
form of Akt, pAkt, was higher in O than in NO kidneys after
UUO and that kidneys from H-ras/ mice showed lower
pAkt staining than kidneys from H-rasþ /þ mice (Figure 3c).
These results indicate that the activation of Akt was lower in
the H-Ras-deficient kidneys after UUO.
H-Ras deficiency decreases myofibroblast proliferation
after UUO
Because myofibroblast proliferation is a characteristic
response after UUO and a main cellular function regulated
by Ras, after assessing that H-Ras deficiency leads to a lower
fibrogenic response in O kidneys, we decided to analyze the
contribution of cell proliferation to this diminished response.
As a response to UUO, Ki-67 expression was higher in O than
in NO kidneys (Figure 4a) and interestingly, the number of
Ki-67-positive cells was significantly lower in O kidneys from
H-ras/ mice than in O kidneys from H-rasþ /þ mice
(Figure 4a). Double immunohistochemistry studies showed
many interstitial cells positive for both a-SMA and Ki-67 in
H-rasþ /þ mice, whereas these cells were less abundant in
H-ras/ mice (Figure 4b), suggesting that H-Ras deficiency
impairs interstitial fibroblast proliferation.
H-Ras deficiency impairs the activation of EMT inducers
after UUO
In addition to is role in proliferation, several studies have
shown the role of Ras activation in the TGF-b-induced
EMT.16–18 Thus, we examined whether the expression of the
well-known EMT inducers Snail1 and Snail2 was affected in
H-ras/ mice after UUO. As shown in Figure 4, analysis of
real-time RT-PCR indicate that both Snail1 and Snail2 were
highly activated after UUO, as previously described.26–28
Interestingly, we found that this activation was significantly
lower in O kidneys from H-ras/ compared with O kidneys
from H-rasþ /þ mice (Figure 5). The EMT is accompanied by
the loss of epithelial markers, prominently cadherins and
indeed, both E-cadherin and Cadherin-16 were highly
downregulated after UUO. This downregulation was attenu-
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Figure 2 | Effects of deficiency of H-Ras in epithelial–
mesenchymal transition markers after unilateral ureteral
obstruction. (a) Immunohistochemistry for a-smooth-muscle
actin (a-SMA) and vimentin in nonobstructed (NO) and obstructed
(O) kidneys from H-rasþ /þ and H-ras/ mice. Bar¼ 100 mm.
(b) Western blot analysis of a-smooth-muscle actin (a-SMA),
and vimentin protein expression from NO and O kidneys from
H-rasþ /þ and H-ras/ mice. Data represent the average±s.e.m.
of the optical density. #Po0.01 vs corresponding NO kidneys.
*Po0.05 vs O kidneys from H-rasþ /þ mice.
& H-rasþ /þ mice, ’ H-ras/ mice.
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ated in Ras-deficient mice (Figure 5). As Snail2, E-cadherin,
and Cadherin-16 genes are targets of Snail1 repression29 this
attenuation in their repression is compatible with lower
Snail1 activation in H-ras/ mice. A characteristic of the
myofibroblasts resulting from EMT is the expression of
vimentin. As shown in Figure 5, vimentin expression
increases markedly in the kidney after UUO, but this increase
is markedly lower in H-ras/ than in H-rasþ /þ mice.
Something similar occurs with collagen I expression, which
increases significantly after UUO in H-rasþ /þ mice but not
in H-ras/ mice (Figure 5).
H-Ras deficiency decreases TGF-b-induced proliferation and
motility in fibroblasts
Our data indicate that there is a decrease in proliferation and
in the activation of EMT inducers in response to UUO in the
H-ras/ mice, which can explain the diminished fibrogenic
response and is compatible with a decrease in the population
of interstitial activated fibroblasts/myofibroblasts. To confirm
that H-Ras deficiency can directly regulate cell proliferation
and motility in fibroblasts, we examined the effects of TGF-b1
treatment in WTor H-ras/ fibroblasts in culture. As shown
in Figure 6a and b, TGF-b1-induced fibroblast proliferation
evaluated by nuclei staining with crystal violet and by
immunocytochemistry with Ki-67 was significantly lower in
H-Ras KO fibroblasts with respect to WT cells. We also
analyzed the existence of alterations in cell cycle in KO
fibroblasts by flow cytometry, and found a significant
reduction in the percentage of cells in phases S, G2, and M
of the cell cycle in H-ras/ fibroblasts when compared with
WT fibroblasts (Figure 6c).
We next evaluated the ability of TGF-b1 to activate
the expression of Snail genes and to increase the motility
of fibroblasts. Similar to what we observed after UUO,
the expression of Snail1 and Snail2 was much lower in
the H-ras/ fibroblasts after treatment with TGF-b1
(Figure 7a). In addition, the increase in vimentin levels
was also clearly attenuated in the H-Ras-deficient cells.
Interestingly, the autocrine loop generated by the exposure
to TGF-b1 was fully active, as it was able to induce its
own transcription at even higher levels than in the WT
fibroblasts.
Fibroblast motility was analyzed in wound-healing assay
and their ability to migrate in Boyden chambers. Analysis of
wounds closure time shows that cell motility was slower in
H-ras/ fibroblasts regarding WT cells (Figure 7b). More-
over, fibroblast migration in Boyden chambers was signifi-
cantly lower in H-ras/ fibroblasts compared with their WT
counterparts (Figure 7c). Altogether these data show that Ras
has a major role in TGF-b1-induced proliferation, motility,
and invasive properties in fibroblasts.
DISCUSSION
In this study, we report that UUO induces lower interstitial
fibrosis, in H-ras/ than in H-rasþ /þ mice, indicating that
Ras activation is important in the development of renal
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Figure 3 | Effects of deficiency of H-Ras in Ras, extracellular signal-regulated kinase (ERK) and Akt activation after unilateral
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fibrosis. All the fibrogenic hallmarks of renal fibrosis are
attenuated in the O H-rasþ /þ kidneys, including the levels of
fibronectin and collagen I accumulation. The amount of
activated myofibroblasts as assessed by the expression of
a-SMA, vimentin, and EMT inducers30 is also significantly
diminished, compatible with their main role as fibrogenic
cells in the injured kidney. The lower levels of proliferation
can explain the low number of myofibroblasts found in the O
kidney and the diminished fibrosis. The importance of cell
proliferation during the development of renal fibrosis is in
agreement with a recent report31 describing that after UUO
resident fibroblasts progressively gain the phenotype of
myofibroblasts and massively increase their rate of cell
division. Myofibroblasts may originate from the activation
of resident fibroblasts, from bone-marrow-derived precur-
sors, which infiltrated the injured tissue, or from EMT.2,4,32
The importance of EMT in the progression of organ
fibrosis including that elicited after UUO has been analyzed
by numerous studies.4,26,28,33 Indeed, although the patholo-
gical activation of interstitial fibroblasts has been for many
years, the identified source of myofibroblasts and EMT is still
debated by some authors,31 it seems clear that, in addition, a
significant part of the myofibroblasts is generated by the
conversion of epithelial or endothelial cells. These EMT or
EndMT processes not only occur in the kidney but also in
the lens, the lung, the liver, and the heart to contribute
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significantly to organ fibrosis.34 The late consequences of
these events included a phenotypic transformation of the
cells to a mesenchymal morphology with associated increase
in vimentin and a-SMA protein expression and a decrease in
total cellular E-cadherin expression.35 In the kidney having
EMT, epithelial cells acquire fibroblast-like properties and
show reduced intercellular adhesion and increased motility.
This process is associated with the expression of well-known
EMT inducers, in particular the proteins of the Snail family,
Snail 1 and Snail2, which are able to induce a full EMT in
vitro and in vivo.36 Indeed, activation of Snail1 in the adult
kidney leads to the repression of epithelial markers such as
E-cadherin and Cadherin-16, the activation of Snail2,
collagen I, vimentin and a-SMA, and the secretion of
collagen fibers.29 Our data show a lower induction of Snail1
in O kidneys from H-Ras-deficient mice, compatible with the
finding that TGF-b1-mediated activation of Snail promoter
in renal tubular epithelial cells is blocked by a dominant-
negative form of H-Ras (N17Ras), whereas a constitutively
active form of H-Ras (V12Ras) induces Snail promoter
activity in MDCK cells.17 In agreement with this, recent
findings indicate that Ras signaling is required for the
induction of Snail1 by TGF-b1 in pancreatic cells.18
We have observed low proliferation together with an
impaired activation of the EMT inducers and a defective
migration and invasive properties in H-Ras-deficient fibro-
blasts in culture confirming that Ras has important roles in
the regulation of cell proliferation and EMT in fibroblasts.
Furthermore, our study is the first in vivo demonstration of
the relationship between H-Ras and EMT in the kidney and
its contribution to the development of renal fibrosis. The
reduced activation of Snail1 together with the low prolifera-
tion of activated myofibroblasts can explain the lower
expression of collagen, a-SMA and vimentin among other
markers, and the lower response of H-ras/ fibroblasts to
TGF-b1, the main Snail inducer. In addition, it is noteworthy
here that the occurrence of EMT after UUO can be reinforced
by the inflammatory response elicited on obstruction.
Indeed, recent data indicate that inflammation can induce
EMT as TNF-a induces Snail1 promoter activity and EMT in
cancer cells.37 Indeed, its main transducer of the inflamma-
tory response, NFkB, can directly activate the transcription of
potent EMT inducers, including Snail and Zeb genes,38,39 and
also mediates Snail protein stabilization.40
In spite of the major role of H-Ras in TGF-b1-induced
EMT, there is some degree of Snail expression and EMT in
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the H-ras/ mice that can be explained because the EMT
inducers can be activated by other TGF-b1-independent
signaling pathways (see for instance Thiery and Sleeman41).
Taken together our results show that, after UUO, the
kidneys of H-ras/ mice show a lower interstitial fibrosis
than those of H-rasþ /þ animals due to a decrease in the
number of activated myofibroblasts than can be explained by
the combined action of a reduced proliferation and a reduced
EMT. Our data show a direct role of the Ras signaling
pathway in the development of renal fibrosis and point to its
inhibitors as potential antifibrotic drugs.
MATERIALS AND METHODS
Mice and disease model
Generation and genotyping of H-ras/ mice was previously
described.8 A breeding colony of adult H-ras/ and animals has
been maintained in our laboratory for more than 8 years. The
animals appeared healthy and normal with no signs of any apparent
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Figure 7 | Effects of the absence of H-Ras isoform on epithelial–mesenchymal transition marker expression and migration
on embrionary fibroblasts. (a) Quantitative real-time RT-PCR for Snail1, Snail2, vimentin, transforming growth factor-b (TGF-b) and
collagen type I in H-rasþ /þ and H-ras/ fibroblasts with and without TGF-b1 treatment (1 ng/ml). #Po0.01 vs fibroblasts in basal
conditions. *Po0.01 vs H-rasþ /þ fibroblasts (treated with 1 ng/ml TGF-b1. (b) H-rasþ /þ and H-ras/ fibroblast migration evaluated by the
analysis of wounds half-closure time. Lines in the micrographs represent the migration front after wound. (c) H-rasþ /þ and H-ras/
migration evaluated by the analysis of migration through trans-wells. Histogram represents the mean±s.e.m. of three experiments
quantifying the number of crystal violet stained cells that go through the migration chamber, expressed in absorbance units. *Po0.01 vs
H-rasþ /þ fibroblasts after 12 h. #Po0.01 vs H-rasþ /þ fibroblasts after 24 h. & H-rasþ /þ fibroblasts, ’ H-ras/ fibroblasts.
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associated lesions. The growth rates of these animals were
indistinguishable from those of WT animals, and mutant mice
reproduced normally. All procedures were approved by the
committee for animal care and use of the University of Salamanca
and complied with the Guide for the Care and Use of Laboratory
Animals of the US National Research Council. Routine genotyping
of DNA isolated from mouse tail biopsies was performed by PCR
using the primers previously reported.24 All studies were
performed in parallel in H-ras/ and H-rasþ /þ littermates male
mice aged 8 weeks (20 g) maintained in ventilated rooms under
standard conditions. For UUO, mice were anesthetized with
ketamine and valium, the abdomen was opened, and the left ureter
was ligated with 5-0 silk. The abdomen was closed with running
sutures and the skin was closed with interrupted sutures. After
surgery, the mice were maintained in a temperature-controlled
room with a 12 h light/dark cycle, and were reared on standard
chow (Panlab, Barcelona, Spain) and water ad libitum. UUO was
maintained for 15 days.
For histological studies, after anesthesia with pentobarbital,
animals were perfused with heparinized saline solution and then
with 4% buffered formalin. O and NO kidneys were removed from
three H-rasþ /þ mice and three H-ras/ mice, halved long-
itudinally, fixed for 24 h in 4% buffered formalin, and then
embedded in paraffin. Sections (3 mm thick) were cut and
mounted on glass slides that were used either for hematoxylin–
eosin staining or immunohistochemistry. Additional 5 mm
sections were cut and processed for Sirius red staining, as
previously reported.42 Kidneys destined for protein extraction
were obtained in another set of animals (five H-rasþ /þ and four
H-ras/ mice) and after perfusion with saline solution, kidneys
were frozen immediately in liquid nitrogen and stored at 801C
until use.
Immunohistochemical studies
Immunohistochemistry was performed on buffered formalin-
fixed, paraffin-embedded tissues. Briefly, 5 mm sections were cut
and stained with Sirius red and 3 mm sections were deparaffinized
in xylene and rehydrated in graded ethanols before staining with
the peroxidase–antiperoxidase method. Endogenous peroxidase
was blocked by incubation in 3% hydrogen peroxide. Primary
antibodies were polyclonal rabbit anti-fibronectin (F3648, 1:100
dilution; Sigma-Aldrich, St Louis, MO, USA), mouse monoclonal
anti-a-SMA (M0851, pre-diluted; Dako Diagnostics, Copenhagen,
Denmark), mouse monoclonal anti-vimentin (ab8545, pre-
diluted; Abcam, Cambridge, UK), rabbit polyclonal anti-phos-
pho-Akt (no. 9271, 1:50 dilution; Cell Signaling Technology,
Danvers, MA, USA), mouse monoclonal anti-phospho-ERK (E-4,
sc-7383, 1:300 dilution; Santa Cruz Biotechnology, Santa Cruz,
CA, USA), rabbit monoclonal anti-phospho-GSK-3b (no. 9323,
1:50 dilution, Cell Signaling Technology), and rabbit monoclonal
anti-Ki-67 (1:100 dilution; Master Diagnostica, Granada, Spain).
Following washes in phosphate-buffered saline (PBS), the sections
were sequentially incubated with the Novolink Polymer Detection
System (Novocastra, Newcastle, UK) using 3,30-diaminobenzidine
(Biogenez, San Ramo´n, CA, USA) as chromogen. Sections were
lightly counterstained with hematoxylin and were dehydrated and
coverslipped. Negative controls were prepared without primary
antibody. The number of tubular and interstitial renal cells
undergoing proliferation (Ki-67-positive immunostaining) was
counted under light microscopy at  200 magnification in 6–10
random fields of cortex.
Double-immunofluorescence staining
Paraffin-embedded tissues were cut in 3mm sections. Heat-induced
antigen retrieval was performed in citrate buffer (pH 9.00) and washed
with PBS. Sections were incubated in the mixture of
anti-a-SMA (M0851; Dako Diagnostics) and anti Ki-67
(Master Diagnostica) for 1 h at room temperature. Following washes
in PBS, sections were incubated in the mixture of two fluorescent-
conjugated secondary antibodies (anti-mouse FITC and anti-rabbit
Cy3) for 40min at room temperature, washed in PBS, and sequentially
counterstained with 46-diamidino-2-phenyl indole for 20min at room
temperature. Slides were rinsed in PBS and mounted in Vectashield
(Vector Laboratories, Burlingame, CA, USA).
ELISA for Ras GTP
Total kidneys lysates (50 mg) were used for the detection of RasGTP.
RasGTP levels were determined by an ultrasensitive commercial
ELISA kit (RasGTPase Chemi ELISA; Active Motif, Rixensart,
Belgium) according to the manufacturer’s instruction.
Western blot analysis
Total cell extracts and tissue protein extracts were homogenized in lysis
buffer (25mmol/l HEPES (pH 7.5), 150mmol/l NaCl, 1% Igepal CA-
630, 10mmol/l MgCl2, 1mmol/l EDTA, 10% glycerol, 10mg/ml
aprotinin, 10mg/ml leupeptin, 100mmol/l phenylmethylsulfonyl
fluoride, 25mmol/l NaF, 1mmol/l Na3VO4) and centrifuged at
14,000 g for 30min. Supernatant was recovered and proteins were
quantified. Lysates (60mg per lane for tissue, 30mg per lane for cells)
were loaded onto SDS–polyacrylamide gels, and the proteins were
transferred to nitrocellulose membranes (Bio-Rad, Hercules, CA,
USA) by electroblotting. Membranes blocked in TTBS (10mmol/l Tris
(pH 7.5), 150mmol/l NaCl, 0.1% Tween 20 plus 2% bovine serum
albumin) were incubated overnight at 41C, as appropriate, with anti-
ERK1 (1:2000), anti-phospho-ERK (1:2000), anti-phospho-Akt
(1:1000), anti-Akt1/2 (1:1000) (all from Santa Cruz Biotechnology),
anti-fibronectin (1:1000 for tissue, 1:10,000 for cells), anti-collagen
type I (1:1000 for tissue, 1:20,000 for cells) (from Chemicon
International, Temecula, CA, USA), anti-S100A4 (1:500; Abcam),
anti-a-SMA (1:1000; Sigma-Aldrich), anti-vimentin (1:1000; Dako
Diagnostics). Membranes were incubated with corresponding horse-
radish peroxidase-conjugated secondary antibody (1:10,000) and were
developed using a chemiluminescent reagent (ECL detection reagent;
Amersham Biosciences, Uppsala, Sweden). Developed signals were
recorded on X-ray film (Fujifilm Spain, Barcelona, Spain) for
densitometric analysis (Scion Image, Frederick, MD, USA).
Quantitative PCR
Quantitative RT-PCR was carried on an ABI PRISM 7000 sequence
detection system using the Syber Green method. RNA expression
was calculated using the comparative Ct method normalized to Eif3.
Data were expressed relative to a calibrator (NO kidney from WT
mice) using the 2(DDCt)±s.d. formula. For cell culture experi-
ments, data were normalized using the C0±s.d. formula to compare
the relative expression between the different genes. Data are
represented as the mean±s.d. of triplicates from a representative
experiment (n¼ 3).
Cell culture and growth factor stimulation
H-rasþ /þ and H-ras/ fibroblasts were obtained as previously
described.25 Cell were seeded in 100mm Petri dishes for western blot
and cell-cycle analysis, and at 20,000 or 9000 cells per well in 24-well
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plates for total collagen measurements and proliferation studies,
respectively.
Cells were grown in Dulbecco’s modified Eagle’s medium
containing 10% fetal calf serum (FCS) and 100U/ml penicillin/
streptomycin at 371C in the presence of 5% CO2. When cultures
achieved 80–90% confluence, cells were serum-starved for 24 h and
treated with active human recombinant TGF-b1 (1 ng/ml) or
control vehicle during 24 h in the absence of serum.
Crystal violet staining
The number of cells was measured using a colorimetric method
previously described.43 In brief, cells subcultured to subconfluence in 24-
well plates were incubated for 24h under the experimental conditions
described above. Then, cells were fixed with 10% glutaraldehyde for
10min, and washed twice with PBS solution (0.81% ClNa, 2.6mmol/l
PO4H2K, 4.1mmol/l PO4HNa2). Cellular nuclei were dyed by incubating
the cells for 30min in a 1% crystal violet solution. Wells were washed
exhaustively with PBS, and left overnight to dry. Finally, 2ml of 10%
acetic acid were added in each well. Optical density at 595nm was
proportional to the number of viable cells in each well.
Immunofluorescence analysis of Ki-67 expression
Cell proliferation was also assessed as the percentage of cells stained for
Ki-67.44 Cells in coverslips were fixed with 4% paraformaldehyde,
washed with PBS with calcium and magnesium (PBS Ca-Mg: 1mmol/l
CaCl2, 1mmol/l MgSO4, 0.81% ClNa, 2.6mmol/l PO4H2K,
4.1mmol/l PO4HNa2), permeabilized with 0.1% Triton X-100,
0.2% bovine serum albumin and 0.5% sodium azide, quenched with
NH4Cl 50mmol/l in PBS Ca-Mg, blocked with 10% normal goat
serum in PBS Ca-Mg for 30min, and incubated during 2 h with
rabbit anti-human Ki-67 (dilution 1/50) in PBS Ca-Mg with 2%
normal goat serum. Later, cells were incubated 30min with goat
anti-rabbit Cy3 (dilution 1:1000; Jackson ImmunoResearch, West
Grove, PA, USA) in PBS Ca-Mg with 2% normal goat serum in a
dark chamber. Nuclei staining was performed by 5min incubation
with 2 mmol/l Hoechst 33258 in a dark chamber. Coverslips were
mounted on slides using Prolong gold antifade. Confocal images
were made using a Zeiss (Zeiss, Gotingen, Germany) Axiovert 200M
microscope with a HeNe laser with 543-excitation for rhodamine
and Hg laser with 365-excitation for 46-diamidino-2-phenyl indole.
All images were obtained with identical parameters for intensity,
pinhole aperture, and so on.
Cell-cycle determination by flow cytometry
Fibroblasts were seeded to subconfluence in 100mm Petri dishes, cells
were washed twice with PBS, trypsin was added during 2min, and cells
were resuspended in PBS in a concentration of 106 cells per ml.
Fibroblasts were incubated for 10min with 1.8ml solution A (60mg/l
trypsin in 0.5mmol/l Tris-hydroximethylaminemethane, 3.4mmol/l
trisodium citrate, 0.1% Nonidet P40, 1.5mmol spermin, pH 7.6) to
break the cell membrane and to digest the protein content of the cells.
Then, cell extracts were incubated during 10min at room temperature
with 1.5ml of solution B (1 g/l RNAse and 0.2 g/l trypsin inhibitor in
0.5mmol/l Tris-hydroximethylaminemethane, 3.4mmol/l trisodium
citrate, 0.1% Nonidet P40, 1.5mM spermin, pH 7.6). After this
incubation, 1.5ml of solution C were added (0.416 g/l propidium iodide
in 0.5mM Tris-hydroximethylaminemethane, 3.4mM trisodium citrate,
0.1% Nonidet P40, 1.5mmol/l spermin, pH 7.6). Finally, cells were
introduced in a flow cytometer; both data acquisition and analysis were
performed using the computer software CellQuest (Becton, Dickenson,
Franklin Lanes, NJ, USA) and Paint-A-gate (Becton, Dickenson,
Franklin Lanes, NJ, USA), respectively.
Cell migration assay
Fibroblast motility was assessed in a wound-healing assay. For this
purpose, cells were grown in 100mm culture plates until confluence,
and in vitro scratched wounds were created with a straight incision
on the cell monolayers with a sterile disposable pipette tip. Cell
migration into denuded area was monitored over a time course
using digital video microscopy, and the rate of cell movement was
calculated by the time when half of the wound was occupied by cells.
Fibroblast migration was also measured in a Boyden chamber.
Briefly, cell suspension is loaded into the upper chamber in 2% FCS
medium, and cells migrate through and attach to the bottom of the
membrane (bottom chamber with 10% FCS medium), whereas
nonmigratory cells remain above. After 12–24 h, inserts were washed
with PBS, fixed with 10% glutaraldehyde, and the number of migrated
cells was determined by the previously described crystal violet method.
Statistical analysis
Statistical differences were analyzed by two-way analysis of variance
using the SPSS 12.0 program (Chicago, IL, USA). Data were expressed
as mean±s.e.m. and Po0.01 was considered statistically significant.
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